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(54) Lubrication control apparatus for start clutch of automatic transmission 



(57) A lubrication control apparatus for properly lu- 
bricating an electromagnetic start clutch (4) of an auto- 
matic transmission is comprised of an oil supplying sec- 
tion that supplies lubricating oil to the start clutch (4), an 



oil returning section that returns the lubricating oil from 
the start clutch (4) to the automatic transmission, and a 
quantity varying section (100) varies a supply quantity 
of the lubricating oil supplied to the start clutch (4) ac- 
cording to a slipping state of the start clutch (4). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a lubrication 5 
control apparatus for a start clutch disposed between 
an automatic transmission and a power source. 
[0002] Generally, an automatic transmission is con- 
nected to an engine through a torque converter. Such a 
torque converter enables a smooth power transmission 10 
although its slipping degrades a fuel consumption effi- 
ciency. In order to further improve a power transmitting 
efficiency, there is proposed a power transmission sys- 
tem employing an electromagnetic clutch or hydraulic 
clutch instead of a torque converter. 15 
[0003] Each of Japanese Patent Provisional Publica- 
tions Nos. 10-331869 and 5-149418 discloses such a 
power transmission system which employs a hydraulic 
clutch as a start clutch. In view of a structural simplicity 
and a performance of a system, an electromagnetic 20 
clutch is preferable to a hydraulic clutch. 

SUMMARY OF THE INVENTION 

[0004] However, even if an electromagnetic clutch is 25 
employed as a start clutch instead of a torque converter, 
it is necessary to lubricate the electromagnetic start 
clutch when the start clutch is put in a slipping state. 
Further, it is preferable to accurately execute the lubri- 
cation of the start clutch according to the slipping state 30 
of the start clutch and to adapt a torque-converter type 
automatic transmission to automatic transmission em- 
ploying an electromagnetic type start clutch without 
largely changing the design of the automatic transmis- 
sion for providing a start clutch lubrication apparatus. 35 
[0005] It is therefore an object of the present invention 
to provide a start clutch lubrication apparatus of an au- 
tomatic transmission which is arranged to solve the 
above-mentioned problems. 

[0006] An aspect of the present invention resides in a 40 
lubrication control apparatus for a start clutch of an elec- 
tromagnetic type. The start clutch is disposed between 
a power source and an automatic transmission to trans- 
mit the power of the power source to the automatic 
transmission. The start clutch lubrication apparatus ^5 
comprises oil supplying means for supplying lubricating 
oil to the start clutch, oil returning means for returning 
the lubricating oil from the start clutch to the automatic 
transmission, and quantity varying means for varying a 
supply quantity of the lubricating oil supplied to the start 
clutch according to a slipping state of the start clutch. 
[0007] Another aspect of the present invention re- 
sides in a lubrication control apparatus for an electro- 
magnetic start clutch disposed between an engine and 
an automatic transmission. The lubrication control ap- 55 
paratus comprises a start clutch operating condition de- 
tectorthat obtains information indicative of an operating 
condition of the start clutch, an oil-quantity varying 
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valve-unit that varies a supply quantity of lubricating oil 
supplied to the start clutch and a controller coupled to 
the start clutch operating condition detector and the lu- 
bricating oil quantity varying valve unit. The controller is 
arranged to determine the operation condition of the 
start clutch on the basis of the information obtained by 
the start clutch operating condition detector, to deter- 
mine a supply quantity of the lubricating oil supplied to 
the start clutch according to the operating condition of 
the start clutch, and to output a control signal to the oil- 
quantity varying valve-unit to control the supply quantity 
to the start clutch at the determined supply quantity. 
[0008] Furtheranother aspect of the present invention 
resides in a method for controlling a lubricating oil quan- 
tity supplied to a start clutch of an electromagnetic type. 
The start clutch is disposed between an engine and an 
automatic transmission, the method comprises a step 
of obtaining information indicative of an operating con- 
dition of the start clutch, a step of determining an oper- 
ation condition of the start clutch on the basis of the in- 
formation indicative of the operating condition of the 
start clutch, a step of determining a supply quantity of 
the lubricating oil supplied to the start clutch according 
to the operating condition of the electromagnetic clutch, 
and a step of controlling the lubricating oil quantity sup- 
plied to the start clutch at the determined supply quan- 
tity. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

Fig. 1 is a cross sectional view showing an essential 
part of an automatic transmission provided with a 
start clutch lubrication control apparatus according 
to a first embodiment of the present invention. 
Fig. 2 is a front view partially showing an inner por- 
tion of a start clutch case of Fig. 1 . 
Fig. 3 is an enlarged cross sectional view of the au- 
tomatic transmission of Fig. 1 . 
Fig. 4 is a schematic block diagram showing a shift 
control section of the automatic transmission 
wherein a lubrication control valve set in a minimum 
flow quantity state is disclosed. 
Fig. 5 is a schematic block diagram showing a shift 
control section of the automatic transmission 
wherein the lubrication control valve set in a maxi- 
mum flow quantity state is disclosed. 
Fig. 6 is a flowchart showing a lubrication control 
program executed by the start clutch lubrication 
control apparatus according to the present inven- 
tion. 

Figs. 7A to 7D are maps employed in the control 
program of Fig. 6. 

Fig. 8 is a schematic block diagram showing a shift 
control section of the automatic transmission of a 
second embodiment wherein a lubrication control 
valve set in a maximum flow quantity state is dis- 
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closed. 

Fig. 9 is a schematic block diagram showing a shift 
control section of the automatic transmission of the 
second embodiment wherein the lubrication control 
valve set in a maximum flow quantity state is dis- 5 
closed. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] Referring to Figs. 1 to 7D, there is shown a lu- 
brication control apparatus for a start clutch of an auto- 
matic transmission according to a first embodiment of 
the present invention. 

[0011] Figs. 1 and 2 shows the automatic transmis- 
sion including the lubrication control apparatus for the 
start clutch 4. Fig. 3 shows a cross sectional view of the 
automatic transmission, Figs. 4 and 5 show a control 
system of the automatic transmission. 
[0012] In this first embodiment, the automatic trans- 
mission is a V-belt type continuously variable transmis- 
sion (V-belttype CVT) which has a shifting section 7 as 
shown in Fig. 1 . The detailed explanation of the shifting 
section 7 will be discussed later. 

[0013] As shown in Figs. 1 and 2, a rear end portion 
of a transmission case 21 of the automatic transmission 
is fixed connected to an end cover 22 for closing an 
opening at a rear end of the automatic transmission by 
means of bolts, and a front end portion of the transmis- 
sion case 21 is fixedly connected to a start-clutch hous- 
ing 23 by means of bolts. 

[001 4] An oil pump 24 is disposed between the trans- 
mission case 21 and the start-clutch housing 23. This 
oil pump is a normal internal gear pump, and elements 
of this internal gear pump 24 are disposed in a space 
defined by a pump housing 25 and a pump cover 26. 
[0015] A hollow sleeve 27 is fixedly engaged with an 
inner periphery of the pump cover 26. An input shaft 5 
is rotatably installed in the hollow sleeve 27. A start 
clutch 4 is disposed on a front end portion of the input 
shaft 5 projecting into the start-clutch housing 23. The 
start clutch 4 is constituted by an electromagnetic clutch 
28 including an electromagnet 28a and an electromag- 
netic clutch pack 28a, a start-clutch pack 29 disposed 
around the electromagnetic clutch 28 and a loading cam 
30 disposed inside of the electromagnetic clutch 28. A 
clutch drum 33 is connected to a crankshaft of an engine 
(not shown) through a torsion damper 31 and a drive 
plate 32. The clutch drum 33 also acts as a drive shaft 
of the oil pump 24. Therefore, when the electromagnetic 
clutch 28 is put in the engaged state, the rotation of a 
clutch drum 33 driven by the engine is transmitted to a 
loading cam 30. 

[0016] When the rotational power of the engine is in- 
putted to the loading cam 30 by the engagement of the 
electromagnetic clutch 38, the loading cam 30 applies 
a thrust force directing along the right hand direction of 
Fig. 1 to a clutch hub 34 due to its cam action where 
balls roll on an inclined surface. By this trust force, the 



clutch hub 34 splined to the input shaft 5 is moved in the 
right hand direction in Fig. 1. By the movement of the 
clutch hub 34, the start-clutch pack 29 is put in an en- 
gaged state, and therefore the start clutch 4 is put in the 
engaged state so that the clutch drum 34 driven by the 
engine is connected to the clutch hub 34 to transmit the 
rotational power of the engine to the input shaft 5. 
[0017] A one-way clutch 8 is disposed between the oil 
pump 24 and the loading cam 30 and is engaged with 
the input shaft 5. An annular member 35 rotatbly con- 
nected on an outer surface of the one-way clutch 8 is 
fixed to a front end portion of the hollow sleeve 27 so 
that the annular member 35 and the hoiiow sieeve 27 
receive a reaction force of the one-way clutch 8. That 
is, by this arrangement, the one-way clutch 8 prevents 
the input shaft 5 from rotating in the reverse direction of 
the engine rotation, and performs a hill hold function that 
a vehicle is stopped on a slope. 

[0018] A primary pulley 34 is butted with a rear end of 
the input shaft 5 projecting into the transmission case 
21 so as to be rotatable with respect to the input shaft 
5. The shifting section 7 is constituted by the primary 
pulley 36, a secondary pulley 37 and a V-belt 38 wound 
to these pulleys 36 and 37. The primary pulley 36 and 
the secondary pulley 37 are arranged to reciprocally 
vary their V-shaped grooves in the reverse directions. 
This reciprocal change of the V-shaped grooves ena- 
bles the wound diameters for the V-belt 38 to be contin- 
uously varied, and the continuous shift of the shifting 
section 7 is achieved thereby. An output rotational pow- 
er at the secondary pulley 37 is transmitted to right and 
left wheels of the vehicle through a differential gear ap- 
paratus so that the vehicle can travel by the engine pow- 
er. 

[0019] A front end of the primary pulley 36 is support- 
ed by the transmission case 21 through a bearing 39, 
and a rear end of the primary pulley 36 is supported by 
the end cover 22 through a bearing 40. A forward and 
rearward changeover mechanism 41 is installed to an 
engaged portion between the input shaft 5 and the pri- 
mary pulley 36. The forward and rearward changeover 
mechanism 41 is constituted by a simple planetary gear 
unit 42, a wet and multi-plate type forward clutch 43, and 
a rearward brake 44. The simple planetary gear set 42 
is arranged to construct an input element by drivingly 
connecting a ring gear through a clutch drum 45 of the 
forward clutch 43 to the input shaft 5, an output element 
by drivingly connecting a sun gear with the primary pul- 
ley 36, and a suitable reaction receiving mechanism by 
connecting a carrier with a hub 46 of the rearward brake 
44. 

[0020] By engaging the forward clutch 43, the ring 
gear and the sun gear of the simple planetary gear set 
42 are drivingly connected with each other and therefore 
ail elements of the planetary gear set 42 is integrated. 
Accordingly, the rotation of the input shaft 5 is directly 
transmitted to the primary pulley 36 so that the vehicle 
can run forwardly. By engaging the rearward brake 44, 
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the carrier of the simple planetary gear set 42 is fixed to 
perform as a reaction element. Therefore the rotation of 
the input shaft 5 is changed into a reverse rotation while 
being decelerated, and is transmitted to the primary pul- 
ley 36 so that the vehicle can run rearward. 
[0021] The manner of operation of the automatic 
transmission of Fig. 1 will be discussed hereinafter. 
[0022] When the automatic transmission is put in a 
neutral (N) range or a parking (P) range according to the 
driver's intent to keep stopping the vehicle, the electro- 
magnet 28a of the electromagnetic clutch 28 is de-en- 
ergized. By this turn-off state of the electromagnetic 
clutch 28, the start clutch 4 is put in a disengaged state. 
Further, the forward clutch 43 and the backward brake 
43, which act as starting friction element, are also put in 
a disengaged state. Therefore, the engine rotation is not 
transmitted to the primary pulley 36, and the vehicle is 
put in a stopping condition. 

[0023] When the forward drive (D) range is selected 
according to the driver's intent to run the vehicle for- 
wardly, the forward clutch 43 is engaged by executing 
the hydraulic operation. Under this condition, when the 
electromagnetic clutch 28 is engaged by energizing the 
electromagnet 28a, the start clutch 4 is engaged by the 
cam action of the loading cam 30, and therefore the ro- 
tational power of the engine is transmitted to the input 
shaft 5. The power applied to the input shaft 5 directly 
reaches the primary pulley 36 through the engaged for- 
ward clutch 43 a nd the planetary gear set 42 . Th is power 
is transmitted to the wheels through the shifting section 
7 which executes the contin uously variable shifting, and 
therefore the vehicle can run forward. When the vehicle 
is started, by gradually executing the energizing of the 
electromagnet 28a, the engaging speed of the electro- 
magnetic clutch 28 is controlled so that the vehicle can 
smoothly start to run forwardly. 

[0024] When the rearward drive (R) range is selected 
according to the driver's intent to run the vehicle rear- 
ward, the rearward clutch 44 is engaged by the hydraulic 
operation. Under this condition, when the electromag- 
netic clutch 28 is engaged by energizing the electromag- 
net 28a, the start clutch 4 is engaged by the cam action 
of the loading cam 30, and therefore the rotational power 
of the engine is transmitted to the input shaft 5. The pow- 
er applied to the input shaft 5 is changed into a reverse 
rotation and decelerated. Then, the reverse rotational 
power reaches the primary pulley 36 through the en- 
gaged forward clutch 43 and the planetary gear set 42. 
This reverse rotational power is further transmitted to 
the wheelsthrough the shifting section 7 which executes 
the continuously variable transmission, and therefore 
the vehicle can run rearward. When the vehicle is start- 
ed, by gradually executing the energizing of the electro- 
magnet 28a, the engaging speed of the electromagnetic 
clutch 28 is controlled so that the vehicle can smoothly 
start to run in the rearward direction. 
[0025] Next, the lubrication control apparatus for the 
start clutch 4 according to the first embodiment of the 
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present invention will be discussed. 
[0026] The lubrication control apparatus of the start 
clutch 4 comprises a supplying means for supplying lu- 
bricating oil to the electromagnetic start clutch 4 and a 
5 returning means for returning the lubricating oil, which 
was rubricated and cooled the start clutch 4, into the 
automatic transmission. 

[0027] As shown in Fig. 3, the supplying means in- 
cludes passages 52 which were used as an inlet hydrau- 

10 lie passage for lockup operation of a torque converter, 
and passages 53 which were used as an outlet hydraulic 
passage for the lockup operation of the torque convert- 
er. The passages 52 are employed as front-portion lu- 
bricating passages 52 which lubricate the electromag- 

15 net 28a and a thrust bearing 9 supporting the clutch 
drum 33 at a portion between the pump housing 25 and 
the clutch drum 33. The passages 53 are employed as 
start-clutch lubricating passages 53 which mainly lubri- 
cate the electromagnetic clutch pack 28b and the start 

20 clutch pack 29 of the start clutch 4. 

[0028] On the other hand, when the start-clutch hous- 
ing 23 is i nstalled to the front opening of the transmission 
case 21 , the start clutch 4 is enclosed in the start-clutch 
case 51 fixed to the transmission case 21 so that the 

25 lubricating oil for the start clutch 4 does not splash into 
the start-clutch housing 23. Further in order to firmly re- 
turn the lubricating oil to an oil pan 54, a plurality of oil 
catch ribs 55 are formed at an inner and lower portion 
of the start clutch case 51 . More specifically, the oil catch 

30 ribs 55 are in turn located along the start-clutch rotation- 
al direction shown by an arrow in Fig. 2 at predetermined 
intervals. Furthermore, as shown by broken lines in Fig. 
2, a longitudinal rib may be provided between the oil 
catch ribs 55 so that a closed space is defined thereby. 

35 [0029] An opening 56 is formed at a rear wall of the 
start-clutch case 51 , in order to return the oil stored in a 
space defined by the oil catch ribs 55 to an oil pan 54. 
Further, oil guide ribs 58 and an opening 59 are provided 
at the lower portion of the start -clutch housing 23 so as 

40 to form a lubricating oil return passage 57 shown in Figs. 
1 and 2. Accordingly, although the lubricating oil, which 
has already lubricated the start clutch 4, is temporally 
stayed in a space defined by the oil catch ribs 55, the 
stayed lubricating oil is smoothly returned to the oil pan 

45 54 through the openings 56 and 59 and the lubricating 
oil return passage 57. 

[0030] A controller 62 executes the control of the pri- 
mary pulley 36, the secondary pulley 37, the forward 
clutch 43 and the rearward clutch 44 by means of a shift 

50 control section 61 shown in Fig. 4 as follows. The shift 
control section 61 is arranged to generate a shift control 
pressure Ps from the oil delivered from the oil pump 24 
through a first pressure control valve 63 and to generate 
a forward and rearward changeover pressure P c from 

55 the excessive oil of the first pressure control valve 64 
through a second pressure control valve 64. 
[0031] First, the control of the primary pulley 36 and 
the secondary pulley 37 will be discussed. 
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[0032] The controller 62 calculates a target transmis- 
sion ratio from a signal of an Inhibitor switch 65 which 
detects a selected range selected by the driver from the 
parking (P) range, the neutral (N) range, the forward 
drive (D) range, and a rearward drive (R) range. Further, 5 
the controller 62 commands a stepping motor 68 to 
move a shift control valve 69 at a corresponding posi- 
tion. That is, the shift control valve 69 controls the V- 
shaped grooves of the primary pulley 36 and the sec- 
ondary pulley 37 so as to achieve the target transmis- 10 
sion ratio while using the shift control pressure P s as 
base pressure. 

[0033] " TsieXt, me conirui urine ToiWdfd clutch 43 and 
the rearward brake 44 will be discussed. 
[0034] A forward and rearward changeover valve 70 15 
in the shift control section 61 is mechanically operated 
in response to the range select command from the driv- 
er. When the parking (P) range or neutral (N) range is 
selected, both of the forward clutch 43 and the rearward 
clutch 44 drain the oil and are put in the inoperative 20 
state. Therefore, the vehicle is put in the stop state. 
When the forward drive (D) range is selected, the for- 
ward clutch 43 receives the forward and rearward 
changeover pressure P c and is put in the engaged state. 
Therefore, the vehicle is put in a forward running ena- 25 
bling state. When the rearward drive (R) range is select- 
ed, the rearward brake 44 receives the forward and rear- 
ward changeover pressure P c and is engaged. There- 
fore, the vehicle is put in a rearward running enabling 
state. 30 
[0035] The controller 62 executes the engagement 
control of the electromagnetic clutch 28 of the start 
clutch 4. That is, when the controller 62 determines that 
the neutral (N) range or parking (P) range is selected on 
the basis of the signal of the inh ibitor switch 65, the con- 35 
troller 62 puts the start clutch 4 into the disengaged state 
by canceling the energizing of the electromagnetic 
clutch 28. Accordingly, the stopping state of the vehicle 
is achieved by the combination of the above-mentioned 
disengagement of the forward clutch 43 and the rear- 40 
ward brake 44 and the disengagement of the start clutch 
4, 

[0036] When the controller 62 determines that the for- 
ward drive (D) range or rearward drive (R) range is se- 
lected, the controller 62 puts the start clutch 4 in the en- 45 
gaged state by energizing the electromagnet 28a with 
the current i and thereby engaging the electromagnetic 
clutch 28. Accordingly, the forward or rearward running 
enabling state of the vehicle is achieved by the combi- 
nation between the above-mentioned engagement of so 
the forward clutch 43 or the rearward brake 44 and the 
engagement of the start clutch 4. 

[0037] When the vehicle is started, the engagement 
speed of the electromagnetic clutch 28 and the trans- 
mission torque are controlled by gradually increasing 55 
the magnitude of the current applied to the electromag- 
net 28a. This control enables the vehicle to smoothly 
execute the forward start or rearward start. 
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[0038] Further, the supplying means in this embodi- 
ment includes a supply quantity controlling means for 
controlling the supply quantity of the lubricating oil ac- 
cording to the engagement state of the start clutch 4 and 
for supplying the q uantity-controlled lubricating oil to the 
start clutch 4. Further, the shift control section 61 func- 
tions as a part of the supply quantity controlling means 
so as to execute the lubrication control of the start clutch 
4 and the front part of the automatic transmission ac- 
cording to the control command of the controller 62. 
[0039] Therefore, the supply quantity controlling 
means includes a lubrication control valve 1 00 acting as 
a supply quantity control valve provided in the shift con- 
trol section 61 and an operating condition controlling 
means for varying the operating condition of the lubri- 
cation control valve 1 00, as shown in Figs. 4 and 5. The 
lubrication control valve 100 is constructed by a valve 
originally existing in the shift control section 61 . That is, 
the lubrication control valve 100 including chambers 
100a, 100b, 100c, 100d, 100e, 100fand100g is consti- 
tuted by an originally existing lockup control valve, which 
has been used in a torque converter with a lockup mech- 
anism although such a torque converter is not used in 
the automatic transmission of this embodiment accord- 
ing to the present invention. 

[0040] As is the same as the case of the lockup con- 
trol, the third control valve 80 controls the pressure of 
excessive oil flowed out from the second pressure con- 
trol valve 64 and supplies the pressure controlled oil to 
the chamber 100c of the lubrication control valve 1 00. 
On the other hand, excessive oil flowed out from the 
third pressure control valve 80 is supplied to an oil cooler 
200 through an orifice portion 201 and to the chambers 
1 0Oe and 1 0Of of the lubrication control valve 1 00. Fur- 
ther, the oil flowed out from the third pressure control 
valve 80 is supplied to a cooler relief ball 210. 
[0041] A spool 1 01 is provided in the lubrication con- 
trol valve 100 and has openings 101a, 101b and 101c 
which are communicated with each other. The openings 
101b and 101c extend in a direction perpendicular to the 
axial direction of the spool 100. The opening 101a ex- 
tends from the opening 1 01 c toward a spring 1 02 along 
the axial direction of the spool 101 . An open end of the 
opening 101a is closed by a plug 103. The spool 101 
inserted in the lubrication control valve 100 is pushed 
downward by the spring disposed between an upper 
wall defining the chamber 100a and the end portion of 
the spool 101 . 

[0042] The operating condition controlling means of 
the supply quantity controlling means includes a sole- 
noid valve 72. The controller 62 controls the operating 
condition of the solenoid valve 72 by varying the ON/ 
OFF duty ratio in the pulse width modulation method. 
Therefore, an oil supply quantity supplied to the cham- 
ber 1 0Og of the lubrication control valve 1 00 is controlled 
according to the solenoid valve 72, and the spool 101 
in the lubrication control valve 1 00 is moved against the 
pressing force of the spring 1 02 according to the hydrau- 
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lie pressure. Therefore, it becomes possible to control 
the stroke quantity of the spool 101 by varying the ON/ 
OFF duty ratio of the solenoid valve 72, and to continu- 
ously vary the operating condition of the lubrication con- 
trol valve 100. 5 
[0043] If the duty ratio of the solenoid valve 72 is set 
at zero under a condition that the start clutch 4 is set at 
the disengaged condition or complete engaged condi- 
tion, the solenoid valve 72 is closed so as to stop sup- 
plying oil to the chamber 100g of the lubrication control 10 
valve 100, and the spool 101 of the lubrication control 
valve 100 is positioned at a lower limit position shown 
in Fig. 4 due to the pushing force ot the spring 1 02. When 
the spool 101 is located at the lower limit position and 
when excessive oil, which is supplied to the chamber is 
100c through the second pressure control valve 64, is 
supplied to the start clutch lubricating passage 53 
through a chamber 100b as shown by arrow A1 in Fig. 
4, a size of an opening 100h fluidly communicating the 
chambers 100c and 100b is set at minimum size by a 20 
land portion 1 01 d of the spool 1 01 . 
[0044] Accordingly, by setting the duty ratio of the so- 
lenoid valve 72 at zero under the condition that the start 
clutch 4 is set at the disengaged condition or complete 
engaged condition, it becomes possible to set the lubri- 25 
cation oil quantity supplied to the start clutch 4 through 
the start-clutch lubricating passage 53 at a necessary 
minimum quantity. Since the electromagnetic clutch 28 
is put in the de-energized state under the condition that 
the start clutch 4 is put in the disengaged condition, the 30 
controller 62 can determine whether the start clutch 4 is 
put in the disengaged condition or in the complete en- 
gaged condition, by determining whether the electro- 
magnetic clutch 28 is put in the de-energized condition 
or not. 35 
[0045] Excessive oil supplied to the chamber 100f 
through the third pressure control valve 80 is flowed into 
the opening 101b from the opening 101c through the 
opening 101a and is then supplied to the front portion 
lubrication circuit 52 from the opening 1 01 b through the 40 
chamber 1 00d, as shown by arrow A2 in Fig. 4. 
[0046] Further, excessive oil supplied to the chamber 
100e through the third pressure control valve 80 is 
flowed into the front portion lubrication circuit 52 from 
the opening 100e through the opening 101b and the 45 
chamber 100d, as shown by arrow A3 in Fig. 4. At this 
time, a size of an opening 1 0Oi fluidly communicating 
the opening 101b and the chamber 1 0Od is at minimum 
size by the land 1 01 e of the spool 1 01 set at the lowest 
position. Accordingly, it becomes possible to set the lu- so 
brication oil quantity supplied to the front portion of the 
automatic transmission through the front portion lubri- 
cation circuit 52 at a necessary minimum quantity, as is 
similar to the case of the lubrication oil quantity supplied 
to the start clutch 4 through the start-clutch lubricating 55 
passage 53. 

[0047] Since a passage area of the opening 1 0Oh cor- 
responds to the necessary minimum quantity of the lu- 



brication oil, the other oil except for the oil supplied to 
the start clutch 4 and the front portion of the automatic 
transmission is supplied to the oil cooler 200. The con- 
trol of the third pressure control valve 80 enables the 
lubrication oil quantity supplied to the start-clutch lubri- 
cating passage 53 and the lubrication oil quantity sup- 
plied to the front portion of the automatic transmission 
to be controlled according to the needs of the start clutch 
4 and the automatic transmission. 
[0048] On the other hand, when the duty ratio of the 
solenoid valve 72 is changed to a value greater than ze- 
ro under a condition that the start clutch 4 is put in the 
slipping engaged i condition, theoii pressure in "the cham- 
ber 1 0Og of the lubrication control valve 1 00 is controlled 
and the spool 101 inserted in the lubrication control 
valve 1 00 is moved against the spring 1 02. Herein, if the 
oil pressure in the chamber 10g is set at a maximum 
value by varying a duty ratio of the solenoid valve 72, 
the spool 101 in the lubrication control valve 100 is set 
at an upper limit position shown in Fig. 5. 
[0049] When the spool 1 01 is located at the upper limit 
position as shown in Fig. 5, excessive oil supplied to the 
chamber 100c from the second pressure control valve 
64 is supplied to the start-clutch lubricating passage 53 
through a passage as is similarto that in Fig. 4, as shown 
by an arrow A1 of Fig, 5. However, since the land portion 
101d of the spool 101 is upwardly moved, the opening 
100h is set maximum. Accordingly, the supply quantity 
of lubrication oil supplied to the front portion of the au- 
tomatic transmission through the front portion lubricat- 
ing passage 52 is set at a necessary maximum quantity. 
[0050] That is, when the start clutch 4 is put in the slip- 
ping connect state, by varying the duty ratio of the sole- 
noid valve 72 by a value greater than zero, it becomes 
possible to freely control the stroke of the spool 101 with- 
in a range between the lowermost position shown in Fig. 
4 and the uppermost position shown in Fig. 5 although 
the position of Fig. 4 is strictly excepted, according to 
the change of the duty ratio of the solenoid valve 72. 
That is, it is possible to continuously vary and control 
the lubrication oil quantity supplied to the start-clutch lu- 
bricating passage 53 according to the opening area of 
the opening 100h of the lubrication control valve 100. 
[0051] The opening area of the opening 100i is also 
continuously varied according to the stroke of the spool 
101 , and the supply quantity of lubrication oil to the front 
portion lubricating passage 53 is also controlled. During 
this period, the opening area of the opening 100i is de- 
creased according to the increase of the opening area 
of the opening 100h. This enables the lubrication oil 
quantity supplied to thefront portion lubricating passage 
52 to be kept constant as far as the spool 1 01 is located 
in the predetermined stroke range. 
[0052] Fig. 6 is a flowchart showing a lubrication con- 
trol program employed as a lubricating method of a start 
clutch of the automatic transmission according to the 
present invention. The controller 62 executes a control 
for varying the duty ratio according to the engaged state 
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of the start clutch 4 by using this program. In order to 
control the operating condition of the solenoid valve 72 
by varying the ON/OFF duty ratio according to the en- 
gaged condition of the start clutch 4, the first embodi- 
ment employs the following lubrication control theory. 
[0053] That is, when the start clutch 4 is put in the dis- 
engaged state, the electromagnetic clutch 28 of the start 
clutch 4 is put in a de-energized state. On the other 
hand, when the start clutch 4 is put in the slipping con- 
nect state or the complete engaged state, the electro- 
magnetic clutch 28 is put in the energized state. There- 
fore, the controller 62 can determine that the start clutch 

a. :~ .* *i — i: 1 — i *i — - < * 
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netic clutch 28 is put in the de-energized state. Further, 
the controller 62 can determine that the start clutch 4 is 
put in the slipping connect state or complete engaged 
state, by detecting a relative rotation between input and 
output members of the start clutch 4. 
[0054] As shown in Fig. 1 , when the forward clutch 42 
of the automatic transmission is engaged, the rotation 
of the input shaft 5 acting as an input member is directly 
transmitted to the primary pulley 36 acting as an output 
member. When the start clutch 4 is put in the completely 
engaged state, the rotational speed of the primary pulley 
36 becomes equal to the rotational speed of the input 
shaft 5. Therefore, by obtaining the relative rotational 
speed between the rotational speeds of the input shaft 
5 and the primary pulley 5, which relative rotational sped 
represents the relative rotational state between the input 
and output members of the start clutch 4, it becomes 
possible to determine that the start clutch 4 is put in the 
completely engaged state or in the slipping connect 
state. 

[0055] Since the rotational speed of the input shaft 5 
is equal to an engine rotational speed, it is possible to 
obtain the engine rotational speed from an input signal 
of an engine rotational speed sensor 120. 
[0056] Further, it is possible to obtain the rotational 
speed of the primary pulley 36 from an input signal of a 
rotational speed sensor 122 of the primary pulley 36. 
Therefore, when the engine rotational speed is <o E , the 
rotational speed of the primary pulley 36 is a>j, the rela- 
tive rotational speed between w E and <0j is obtained as 
a relative slip angular speed <o s of the electromagnetic 
clutch 28, and the relative slip angular speed 0)3 is treat- 
ed as the relative rotational state between the input shaft 
5 and the primary pulley 36. 

[0057] Defining that the input torque (hereinafter, 
called as transmission torque) transmitted by the elec- 
tromagnetic clutch 28 is Tc, and that the current of the 
electromagnet 28a corresponds to the current quantity 
i of the electromagnetic clutch 28 of the electromagnetic 
start clutch 4, the transmission torque Tc and the current 
quantity i have a proportional relationship as shown in 
Fig. 7A. Therefore, it is possible to estimate the trans- 
mission torque Tc from the current quantity i of the elec- 
tromagnetic clutch 28. 

[0058] Further, when the start clutch 4 is put in the 
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slipping connect state, the duty ratio of the solenoid 
valve 72, which controls the supply quantity of lubrica- 
tion oil to the front portion lubricating passage 52 and 
the start clutch lubricating passage 53. can be obtained 

5 on the basis of the heated state of the start clutch 4. 
[0059] Herein, the heated state of the start clutch 4 is 
known by obtaining a heat ratio q = Tc x (» s and a max- 
imum heat ratio qm of the electromagnetic clutch 28 un- 
der a slipping state. Further, the necessary lubrication 

10 oil quantity Q can be determined by measuring an oil- 
pan oil temperature T by means of an oil temperature 
sensor 1 24 set in the oil pan 54 and by retrieving a map 
representative of a relationship (G = (h^~'> "•")) uetween 
the necessary lubrication oil quantity Q, the maximum 

15 heat ratio qm and the oil-pan oil temperature T. 

[0060] Next, the ON/OFF duty ratio DUTY employed 
for controlling the operating condition of the solenoid 
valve 72 so as to supply the necessary lubricating oil 
quantity Q to the start clutch 4. Herein the ON/OFF duty 

20 ratio DUTY is deteimined from a map representative of 
a relationship among the necessary lubrication quantity 
Q, the line pressure P L (shift control pressure P s ) and 
the ON/OFF duty ratio DUTY as shown in Fig. 70 where 
the ON/OFF duty ratio DUTY is represented by an equa- 
ls tion DUTY = g(Q, P L ) employing the necessary lubrica- 
tion quantity Q and the line pressure P L as a parameter. 
[0061] Accordingly, the solenoid valve 72 works ac- 
cording to the ON/OFF duty ratio so that the necessary 
lubrication oil quantity Q is supplied to the start clutch 

30 4. More specifically, the solenoid valve 72 supplies the 
lubrication oil pressurized at a pressure corresponding 
to the determined duty ratio DUTY to the chamber 1 0Og 
of the lubrication control valve 100 so as to control the 
stroke quantity of the spool 1 01 in the lubrication control 

35 valve 100. 

[0062] On the basis of the above-discussed control 
theory, the control of the lubrication oil quantity is exe- 
cuted by the process shown in a flowchart of Fig. 6 in 
this first embodiment. 

40 [0063] At step S201 the controller 62 resets the heat 
ratio q 0 and a heat quantity (q) 0 (q 0 = 0, (q) 0 = 0). 
[0064] At step S202 the controller 62 determines 
whether an ignition Ig is put in the OFF state or not. 
When the determination at step S202 is affirmative, that 

45 is, when it is determined that the ignition Ig is put in the 
OFF state, the program proceeds to an end block to ter- 
minate the present routine. When the determination at 
step S202 is negative, the program proceeds to step 
S203. 

so [0065] At step S203 the controller 62 reads the oil-pan 
oil temperature T at this time, the engine rotational 
speed (o E detected by the engine rotational speed sen- 
sor 120, the primary-pulley rotational speed o>j and the 
line pressure (shift control pressure P s ) P L . 

55 [0066] At step S204 following the execution of step 
S203, the controller 62 determines whether the electro- 
magnetic clutch 28 is energized or not. When the deter- 
mination at step S204 is negative, that is, when it is de- 
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termined that the electromagnetic clutch is de-ener- 
gized, the program proceeds to step S205. That is, if the 
electromagnetic clutch 28 is de-energized, the start 
clutch 4 is put in the disengaged state. 
[0067] At step S205 the controller 62 sets the duty ra- 
tio DUTY of the solenoid valve 72 at zero (DUTY = 0). 
By the execution of step S205, the spool 101 of the lu- 
brication control valve 100 is moved to the position 
shown in Fig. 4 and therefore the lubricating oil quantity 
to be supplied to the front portion lubrication passage 
52 and the start clutch lubrication passage 53 is set at 
the necessary minimum quantity. Following this, the pro- 
gram returns to step S201 . 

[0068] When the determination at step S204 is affirm- 
ative, that is, when the start clutch 4 is put in the slipping 
connect state or the complete engaged state, the pro- 
gram proceeds to step S206. When the start clutch 4 is 
put in the slipping connect state, it is preferable that the 
spool 1 01 of the lubrication control valve 100 is stroked 
within the range between the spool position shown in 
Fig. 4 and the spool position shown in Fig. 5 according 
to the engaged state of the start clutch 4. The engaged 
state of the start clutch 4 affects the heat quantity there- 
of. When the engaged state of the start clutch 4 is 
changed from the slipping connect state to the complete 
engaged state, it is preferable that the lubricating oil 
quantity is not quickly decreased to the necessary min- 
imum quantity but the predetermined quantity of the lu- 
bricating oil is supplied for a predetermined time period 
according to the heated condition of the start clutch 4. 
Further it is preferable that the supply quantity of the 
lubricating oil is decreased at the minimum quantity after 
the start clutch 4 is cooled for the predetermined time 
period. 

[0069] Therefore, in order to stroke the spool 101 so 
as to supply the necessary quantity Q of the lubricating 
oil to the chamber 1 0Og of the lubrication control valve 
1 00 according to the engaged state of the start clutch 4, 
the controller 62 executes the control for obtaining the 
desired ON/OFF duty ratio corresponding to the desired 
stroke of the spool 101 . That is, the program proceeds 
to step S206. 

[0070] At step S206 the controller 62 reads the current 
value i applied to the electromagnet 28a. 
[0071] At step S207 the controller 62 estimates the 
transmission torque Tc corresponding to the current val- 
ue i from the map shown in Fig. 7A. 
[0072] At step S208 the controller 62 calculates the 
relative slip angular speed w s by substituting the engine 
rotational speed o> E and the primary pulley rotational 
speed o)j read at step S203 into the equation o> s =<o E -o>,. 
[0073] At step S209 the controller 62 calculates the 
present heating ratio q 1 and an accumulated heat quan- 
tity (q) 1 from the equations q 1 = Tc • lo> s l and (q) 1 =(q) 0 
+ q 1 • At and the transmission torque Tc and the relative 
slip angular speed o^. 

[0074] At step S210 the controller 62 determines 
whether or not the present heat ratio q^ is greater than 



14 

or equal to the initial heat ratio q 0 , in order to obtain the 
maximum heat ratio qm. When the determination at step 
S210 is affirmative (q., > q 0 ), the program proceeds to 
step S21 1 wherein the present heat ratio q 1 is employed 

5 as the maximum heat ratio q m (q 1 = q m ). Following the 
execution of step S211 , the program proceeds to step 
S212 wherein the present heat ratio q-, is employed as 
the initial heat ratio (q 0 = q^. Thereafter, the program 
proceeds to step S21 3. When the determination at step 

10 S21 0 is negative (q 1 < q 0 ), the program proceeds to step 
S21 4 wherein the initial heat ratio q 0 is employed as the 
maximum value q m (q m = q 0 ). Thereafter, the program 
proceeds 10 step 5213. 

[0075] At step S213 the controller 62 estimates the 
15 necessary lubricating-oil quantity Q from the map shown 
in Fig. 7B, and the oil-pan oil temperature T and the max- 
imum heat ratio q m . 

[0076] At step S215 following the execution of step 
S21 3, the controller 62 determines the ON/OFF duty ra- 

20 tio DUTY for controlling the solenoid valve 72, on the 
basis of the map of Fig. 7C and from the line pressure 
P L read at step S203 and the necessary lubricating oil 
quantity Q obtained at step S213. With this arrange- 
ment, it becomes possible to variable set the lubricating 

25 oil quantity on the basis of the heating condition of the 
start clutch 4. 

[0077] At step S216 the controller 62 determines 
whether lo> s l > 0. When the determination at step S21 6 
is affirmative, that is, when it is determined that the start 

30 clutch 4 is put in the slipping connect state, the program 
proceeds to step S217 wherein the present heating 
quantity (q)-, is employed as the initial heat quantity (q) 0 
((q)o = (9)1)- Tnen tne Program returns to step S202. 
[0078] When the determination at step S21 6 is nega- 

35 tive (u) s = 0), that is, when it is determined that the start 
clutch 4 is put in the complete engaged state, it is nec- 
essary to execute the processing for setting the duty ra- 
tio DUTY of the solenoid valve 72 at zero so as to de- 
crease the supply quantity at the necessary minimum 

40 quantity. Further, when the start clutch 4 is put in the 
complete engaged state, a special control forcooling the 
start clutch 4 as mentioned above is executed. More 
specifically, the duty ratio DUTY is not directly de- 
creased to zero but the lubricating oil quantity Q is kept 

45 at the present quantity, which is largerthan the minimum 
quantity for a supply continuing time period N . This sup- 
ply continuing time period N is determined from the ac- 
cumulated heat quantity (q)., (=Jq 1 dt) obtained at step 
S209, and thereafter the supplied oil quantity is de- 

50 creased to the minimum quantity by executing the con- 
trol for setting the duty ratio DUTY at zero. 
[0079] More specifically, when the determination at 
step S216 is negative (a> s = 0), the program proceeds 
to step S21 8 wherein the accumulated heat quantity (q) 

55 is set at (q) 1 ((q) = (qh). 

[0080] At step S219 following the execution of step 
S218, the controller 62 determines the lubricating-oil 
supply continuing period N from the map shown in Fig. 
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7D and the accumulated heat quantity (q). With this ar- 
rangement, it becomes possible to variably set the lu- 
bricating-oil supply continuing period N during which the 
lubricating oil quantity greater than the minimum quan- 
tity is kept. The lubricating oil quantity greater than the 
minimum quantity is determined on the basis of the ac- 
cumulated heat quantity (q). 

[0081 ] At step S220 the controller 62 counts down the 
lubricating-oil supply period N by executing the calcula- 
tion^ = N - 1 . 

[0082] At step S221 the controller 62 determines 
whether N > 0 or not. When the determination at step 
S221 is affirmative, the program returns to step S220. 
That is, until the lubricating-oil supply continuing period 
N is elapsed, the steps S220 and S221 are repeated. 
When the determination at step S221 is negative, that 
is, when the lubricating-oil supply period N is elapsed, 
the program proceeds to step S205 wherein the duty 
ratio DUTY of the solenoid valve 52 is set at zero (DUTY 
= 0). Thereafter the program returns to step S201 By 
the execution of step S205, the spool 101 of the lubri- 
cation control valve 1 00 is moved to the position shown 
in Fig. 4, and the minimum quantity of lubricating oil 
quantity is supplied to the start clutch 4 and the front 
portion of the automatic transmission through the start- 
clutch lubrication passage 53 and the front-portion lubri- 
cation passage 52. 

[0083] Accordingly, When the start clutch 4 is put in 
the complete engaged state, the lubricating oil quantity 
is set at a quantity at the time when the condition of the 
start clutch 4 reaches w s = 0, for the lubricating-oil sup- 
ply continuing period N. 

[0084] The automatic transmission employing the 
start clutch lubrication control apparatus converts the ro- 
tation inputted from a power source through the electro- 
magnetic clutch 4 and outputs it. Herein, the lubricating 
oil supplied to the start clutch 4 through the start clutch 
lubrication passage 53 is used for the lubrication of the 
electromagnetic start clutch 4 and the front portion of 
the automatic transmission. The control of the lubricat- 
ing-oil quantity supplied to the passage 53 is executed 
by using a lockup control valve (which is used in case 
that a lockup converter is employed) as a lubrication 
control valve 100 and by controlling the stroke quantity 
of the spool 1 01 installed in the lubrication control valve 
100. 

[0085] Accordingly, a passage of the automatic trans- 
mission, which has been used as an inlet passage in the 
case that a torque converter is employed and is set at 
a lockup condition, is used as the front portion lubrica- 
tion passage 52. Further another passage of the auto- 
matic transmission, which has been used as an outlet 
passage in case that the torque convert is employed and 
is set at the lockup condition, is used as the start clutch 
lubrication passage 53. That is, the passages for the 
lockup control of the torque converter, which is not em- 
ployed in this embodiment, are used as the lubrication 
passages 52 and 53. Further, it is possible to employ 



the lockup control valve in the control of the lubricating 
oil quantity supplied to the lubrication passage 52 and 
53. 

[0086] In the supply quantity controlling means, the 

5 operating condition of the lubrication control valve 100 
is controlled by controlling the stroke quantity of the 
spool 101 of the lubrication control valve 100. The stroke 
quantity of the spool 1 01 is controlled by varying the duty 
ratio DUTY indicative of the operating condition of the 

10 solenoid valve 72 of the operating condition controlling 
means. More specifically the duty ratio DUTY of the so- 
lenoid valve 72 is varied in a manner that the controller 
62 executes tne program shown in Fig. 6. 
[0087] The change of the duty ratio DUTY is executed 

15 on the basis of the engaged state of the start clutch 4. 
The disengaged state of the start clutch 4 is determined 
from the de-energized state of the electromagnetic 
clutch 28. The slipping connect state or the complete 
engaged state of the start clutch 4 is determined from 

20 the relative slip angular speed u>s of the electromagnetic 
clutch 28, which is a difference between the engine ro- 
tational speed to E and the rotational speed Wj of the pri- 
mary pulley 36. 

[0088] Further, when it is determined that the start 

25 clutch 4 is put in the slipping connect state, the neces- 
sary lubricating-oil quantity Q to be supplied to the start 
clutch 4 is determined according to the transmission 
torque Tc obtained from the current quantity i of the elec- 
tromagnetic clutch 28 and the maximum heating ratio 

30 q m obtained from the relative slip angular speed o> s . Fur- 
ther, the duty ratio DUTY corresponding to the neces- 
sary rubricating oil quantity is also obtained. 
[0089] The supplying means for supplying the lubri- 
cating oil to the start clutch 4 is employed in the start 

35 clutch lubrication control apparatus and comprises the 
supply quantity controlling means which is arranged to 
supply the minimum quantity of the lubricating oil to the 
start clutch 4 when the start clutch 4 is put in the com- 
plete engaged state or the disengaged state, and to sup- 

40 ply the lubricating oil whose quantity is varied according 
to the slipping connect condition. 
[0090] Therefore, it becomes possible to supply the 
necessary quantity of the lubricating oil to the start clutch 
4 according to the engagement state of the start clutch 

45 4. Particularly, when the start clutch 4 is operating and 
in the slipping connect state, the quantity of the lubricat- 
ing oil is varied according to the engagement state of 
the start clutch 4. That is, the supply quantity of the lu- 
bricating oil to the start clutch 4 is varied according to 

50 the change of the engagement state during the slipping 
connect state and the degree of the slip, and therefore 
it becomes possible to prevent the lubricating oil from 
being excessively supplied. This effectively prevents the 
generation of the dragging torque. 

55 [0091] Further, in this embodiment the supply quantity 
controlling means comprises the lubrication control 
valve 100 acting as a supply quantity control valve for 
controlling the supply quantity of the lubricating oil sup- 
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plied to the start clutch 4 and the operating condition 
controlling means for varying the operating condition of 
the lubrication control valve 100 according to the slip- 
ping connect state of the start clutch 4. Since the oper- 
ating condition controlling means is arranged to vary the 
operating condition of the lubrication control valve 100 
according to the slipping state of the start clutch 4, it 
becomes possible to control the supply quantity of the 
lubricating oil supplied to the start clutch according to 
the operating condition of the lubrication control valve 
100. 

[0092] Furthermore, since the operating condition 
controlling means comprises the solenoid valve 72 for 
controlling the operation of the lubrication control valve 
100 and is arranged to control the operating condition 
of the solenoid valve 72 by varying the duty ratio DUTY, 
the operating condition of the solenoid valve 72 is accu- 
rately controlled by varying the duty ratio DUTY. There- 
fore the supply quantity of the lubricating oil is accurately 
supplied to the start clutch 4 according to the engage- 
ment state of the start clutch 4. 

[0093] Additionally, the operating condition controlling 
means is arranged to determine the disengaged state 
of the start clutch 4 from the de-energized condition of 
the electromagnetic clutch 28 and to determine the slip- 
ping connect state and the complete engaged state of 
the start clutch 4 from the relative slip angular speed a> s 
which is a relative rotational speed between the input 
shaft 5 acting as an input member of the start clutch 4 
and the primary pulley 36 acting as an output member 
of the start clutch 4. Further when the start clutch 4 is 
put in the slipping connect state, the duty ratio DUTY is 
obtained on the basis of the heating condition obtained 
from the transmission torque Tc of the start clutch 4 and 
the heating condition obtained from the relative rotation- 
al speed. 

[0094] Accordingly, it becomes possible to determine 
the engaged state of the start clutch 4 from the current 
quantity i and the relative slip angular speed <o s . There- 
fore, when it is determined that the start clutch 4 is put 
in the complete engaged state or in the disengaged 
state, the supply quantity controlling means supplies the 
minimum quantity of the lubricating oil to the start clutch 
4. Further, when it is determined that the start clutch 4 
is put in the slip connect state, the operating condition 
controlling means variablly sets the lubricating oil quan- 
tity obtained from the transmission torque Tc and the rel- 
ative slip angular speed o> s of the start clutch 4. 
[0095] Therefore, when the start clutch 4 is put in the 
slipping connect state, the operating condition of the so- 
lenoid valve 72 is accurately varied according to the slip- 
ping connect state of the start clutch 4 by variably setting 
the lubricating oil quantity on the basis of the heating 
condition of the start clutch 4. By this operation, the lu- 
bricating oil quantity required by the start clutch 4 is 
properly supplied to the start clutch 4 This firmly pre- 
vents the excessive lubricating oil from being supplied 
to the start clutch 4. 



[0096] Further, since the transmission torque Tc of the 
start clutch 4 is obtained from the current quantity i of 
the start clutch 4, that is, since the transmission torque 
Tc is obtained by a simple and compact structure without 
5 newly providing sensors, it is possible to accurately con- 
struct the start clutch lubrication control apparatus of the 
automatic transmission. 

[0097] The accumulated heat quantity (q)-, is estimat- 
ed on the basis of the transmission torque Tc and the 

10 relative angular speed <o s of the start clutch 4. Further, 
when the engagement state of the start clutch 4 is 
changed from the slipping connect state to the complete 
engaged state, the iubricatlng-oii supply quantity is set 
at the quantity greater than the minimum quantity for the 

15 lubricating-oil supply continuing period N which is vari- 
ably set. Therefore, by supplying the lubricating oil, 
whose supply quantity is greater than the minimum 
quantity, to the start clutch 4 for the period determined 
on the basis of the accumulated heat quantity (q)-, , it be- 

20 comes possible to sufficiently cool the start clutch 4 and 
to then supply the minimum quantity of the lubricating 
oil to the start clutch 4. 

[0098] Furthermore, since the supply quantity control- 
ling means is arranged to supply the excessive oil gen- 

25 erated during the lubrication control for the start clutch 
4 to the oil cooler 200, it is possible to effectively cools 
the lubricating oil. Particularly, when the start clutch 4 is 
put in the disengaged state or the complete engaged 
state, the supply quantity controlling means supplies the 

30 necessary quantity of the lubricating oil to the start clutch 
4. Therefore, a large quantity of excessive lubricating oil 
generated during the control of the supply quantity con- 
trolling means is supplied to the oil cooler 200 and is 
cooled thereby. Accordingly, it is possible to effectively 

35 cool the whole of the lubricating oil. This arrangement 
enables the supply quantity of the lubricating oil supplied 
to the start clutch 4 during the slipping connect state to 
be suitably determined and prevents the generation of 
the dragging torque. 

40 [0099] Referring to Figs. 8 and 9, there is shown a 
second embodiment of the start clutch lubrication con- 
trol apparatus according to the present invention. 
[0100] Fig. 8 shows the state of a lubrication control 
valve 1 1 0 put in a condition that the start clutch 4 is put 

45 jn the complete engaged state or the disengaged state 
as is the same as that shown in Fig. 4 of the first em- 
bodiment. In this state shown in Fig. 8, a spool 111 is 
put in the state that the minimum quantity of the lubri- 
cating oil is supplied to the start clutch lubrication pas- 

50 sage 53 and the front portion lubrication passage 52. 
Further, Fig. 9 shows the state of the lubrication control 
valve put in a condition that start clutch 4 is put in the 
slipping connect state as is the same as that in Fig. 5 of 
the first embodiment. In this state shown in Fig. 9, the 

55 spool 111 is put in the state that the maximum quantity 
of the lubricating oil is supplied to the start clutch lubri- 
cation passage 53 and the front portion lubrication pas- 
sage 52. 
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[0101] The start clutch lubrication control apparatus 
of the second embodiment is basically constructed as 
is the same as the structure shown in Fig. 1 of the first 
embodiment. In this second embodiment, the lubrication 
control valve 110 is employed instead of the lubrication 
control valve 100 of the first embodiment. Further, the 
spool 111 is installed in the lubrication control valve 110 
instead of the spool 101. The lubrication control valve 
110 has chambers 110a, 110b, 110c, 110d, 110e and 
11 Of. and the spool 111 includes land portions 111a, 
111b and 111c. Although in the first embodiment the lu- 
bricating oil controlled in pressure by the third pressure 
control vaive 60 is suppiied to the start ciuich iubrication 
passage 53 and the excessive oil of the third pressure 
control valve 80 is supplied to the front portion lubrica- 
tion passage 52, in this second embodiment the lubri- 
cating oil controlled in pressure by the third pressure 
control valve 80 is supplied to the start clutch lubrication 
passage 53 and the start clutch lubrication passage 53 
is branched at the outside of the lubrication control valve 
110 into the front portion lubrication passage 52 through 
which the lubrication oil is supplied to the front portion 
of the automatic transmission. 

[0102] In this second embodiment, the lubrication 
control of the start clutch lubrication control apparatus 
is executed by the same manner shown in Fig. 6 of the 
first embodiment. 

[0103] In the start clutch lubrication control apparatus 
of the second embodiment, the lubricating oil controlled 
in pressure by the third pressure control valve 80 is 
flowed into the chambers 110b and 110e of the lubrica- 
tion control valve 1 1 0. The lubricating oil supplied to the 
chamber 110b of the lubrication control valve 110 flows 
to the chamber 110c and then flows to the start clutch 
lubrication passage 53 and the front portion lubrication 
passage 52 branched from the passage 53. On the other 
hand, the lubricating oil flowed into the chamber 11 Oe 
then flows to the chamber 110d, and is supplied to the 
oil cooler 200 through an orifice 201 and to a cooler relief 
ball 21 0. The spool 1 1 1 installed in the lubrication control 
valve 110 is pushed in the downward direction of Fig. 8 
by a spring provided between an upper wall defining the 
chamber 1 1 0a and an upper portion of the spool 111. 
[0104] Further, in this second embodiment, when the 
start clutch 4 is put in the engaged state, the supply 
quantity of the lubricating oil is controlled by varying the 
duty ratio DUTY of the solenoid valve 72. According to 
the operating condition of the solenoid valve 72, the lu- 
bricating oil quantity supplied to the chamber 11 Of is 
controlled, and the spool 111 in the lubrication control 
valve 1 11 is moved according to the oil pressure at the 
chamber 11 Of against the biasing force of the spring 
102. Therefore, since it is possible to control the stroke 
quantity of the spool 1 1 1 by varying the duty ratio DUTY 
of the solenoid valve 72, it becomes possible to contin- 
uously vary the operating condition of the lubrication 
control valve 110. 

[0105] When the start clutch 3 is put in the disengaged 



state or the complete engaged state, by setting the duty 
ratio DUTY of the solenoid valve 72 at zero, the solenoid 
valve 72 is closed to stop flowing the lubricating oil and 
the spool 111 of the lubrication control valve 110 is lo- 
5 cated at the lower limit position shown in Fig. 8 due to 
the biasing force of the spring 102. When the spool 111 
is located at the lower limit position shown in Fig. 8, the 
excessive oil supplied to the chamber 110b is supplied 
to the start clutch lubrication passage 53 through the 
10 camber 1 1 0c as shown by an arrow A4 in Fig. 8. During 
this condition, an opening 110g between the chambers 
110b and 110c are set at the minimum opening by the 
iand portion 111a of the spooi 111 . Accordingly, Iiitr iu- 
bricating oil quantity supplied to the start clutch lubrica- 
15 tion passage 53 and the front portion lubrication pas- 
sage 52 is set at the necessary minimum quantity. 
Therefore, when the start clutch 4 is put in the disen- 
gaged state or the complete engaged state, the neces- 
sary minimum quantity of the lubricating oil is supplied 
20 to the start clutch 4 through the start clutch lubrication 
passage 53 by setting the duty ratio of the solenoid valve 
72 at zero. 

[0106] As is similar to the first embodiment, when the 
start clutch 4 is put in the disengaged state in the second 
25 embodiment, the electromagnetic clutch 28 is put in the 
de-energized state. Therefore, it is possible to deter- 
mine whether the start clutch 4 is put in the disengaged 
state or in the complete engaged state in a manner that 
the controller 62 determines whether the electromag- 
30 netic clutch 28 is de-energized or not. 

[0107] Further the excessive oil supplied from the 
chamber 1 1 0e of the lubrication control valve 1 1 0 in the 
excessive oil flowed out from the second pressure con- 
trol valve 64 is flowed into the oil cooler 200 through the 
35 chamber 1 1 0d as shown by an arrow A5 of Fig. 8. During 
this period, an opening 11 Oh between the chambers 

II Od and 110e is set at the minimum opening by the 
land portion 111b of the spool 111. Accordingly, the lu- 
bricating oil quantity flowed to the cooler 200 is set at 

40 the minimum quantity. 

[0108] By varying the duty ratio of the solenoid valve 
72 to a value greater than zero under a condition that 
the start clutch 4 is put in the slipping connect state, the 
oil pressure in the chamber 11 Of is controlled according 

45 to the change of the duty ratio, and therefore the spool 

I I I in the lubrication control valve 1 1 0 is stroked against 
the biasing force of the spring 1 02. If the oil pressure in 
the chamber 11 Of is set at the maximum pressure by 
varying the duty ratio of the solenoid valve 72, the spool 

50 111 of the lubrication control valve 110 is positioned at 
an upper limit position shown in Fig. 9. 
[0109] When the spool 111 is positioned at the upper 
limit position shown in Fig. 9, the excessive oil supplied 
to the chamber 1 1 0b is supplied to the start clutch lubri- 

55 cation passage 53 though the path as shown by an ar- 
row A4 of Fig. 9, as is similar to that of Fig. 8. However, 
as shown in Fig. 9, since the land portion 111a of the 
spool 111 is moved upward, the opening 110g is set at 



20 



25 



11 



BNSDOCID: <EP 1 191258A2_I_> 



21 



EP1 191 258 A2 



22 



the maximum opening. Accordingly, it becomes possible 
to set the lubricating oil quantity supplied to the start 
clutch 4 through the start clutch lubrication passage 53 
atthe necessary maximum quantity. Further, it becomes 
possible to also set the lubricating oil quantity supplied 
to the front portion of the automatic transmission 
through the front portion lubrication passage 52 at the 
necessary maximum quantity. 

[0110] The excessive oil supplied to the chamber 
110e in the excessive oil flowed from the second pres- 
sure control valve 64 is supplied to the cooler 200 
through the chamber 1 1 0d as shown by the arrow A5 in 
Fig. 9. During this period, the land portion file of the 
spool 111 has been moved upward and therefore the 
opening 11 Oh is set at the maximum opening. Accord- 
ingly, the lubricating oil quantity supplied to the oil cooler 
200 is set at the maximum quantity. 
[0111] As is similarto the first embodiment, when the 
start clutch 4 is put in the slipping connect state, it is 
possible to freely control the stroke of the spool 111 in 
the lubrication control valve 110 between the lower limit 
position shown in Fig. 8 (except for the lower limit posi- 
tion) and the upper limit position shown in Fig. 9 accord- 
ing to the change of the duty ratio of the solenoid valve 
72 by varying the duty ratio of the solenoid valve 72 by 
a value greater than zero. That is, the lubricating oil 
quantity supplied to the start clutch lubrication passage 
53 and the front portion lubrication passage 52 is con- 
tinuously varied according to the opening area of the 
opening 110g determined by the position of the spool 
111. 

[0112] If it is desired to increase the lubricating oil 
quantity supplied to the start clutch 4 relative to the front 
portion lubrication passage 52, an orifice may be dis- 
posed in the front portion lubrication passage 52. Such 
a provision of the orifice enables the lubricating oil to be 
controllably supplied to the start clutch 4 and the front 
portion of the transmission. 

[0113] The entire contents of Japanese Patent Appli- 
cation No. 2000-2871 83 filed on September 21 , 2000 in 
Japan are incorporated herein by reference. 
[0114] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiment described above will occur to those skilled 
in the art, in light of the above teaching. For example, 
although the lubricating oil quantity is increased by a 
predetermined quantity after the start clutch 4 is com- 
pletely engaged, the invention is not limited to this and 
the lubricating oil quantity may be promptly decreased 
to the minimum quantity if this control system is em- 
ployed to a right weight vehicle which generates a small 
heating quantity of the start clutch. Such arrangement 
further decreases the generation of the dragging torque. 
The scope of the invention is defined with reference to 
the following claims. 



Claims 

1. A lubrication control apparatus for a start clutch of 
an electromagnetic type, the start clutch being dis- 
5 posed between a power source and an automatic 

transmission to transmit the power of the power 
source to the automatic transmission, the start 
clutch lubrication apparatus comprising: 

10 oil supplying means for supplying lubricating oil 

to the start clutch; 

oil returning means for returning the lubricating 
oii from the Start uiuich to the automatic trans- 
mission, and 

75 quantity varying means for varying a supply 

quantity of the lubricating oil supplied to the 
start clutch according to a slipping state of the 
start clutch. 

20 2. The lubrication control apparatus as claimed in 
claim 1 , wherein the quantity varying means varies 
the supply quantity of the lubricating oil when the 
start clutch is put in a slipping connect state. 

25 3. The lubrication control apparatus as claimed in 
claim 1 , wherein the oil supplying means comprises 
supply quantity controlling means for supplying a 
necessary minimum supply quantity of the lubricat- 
ing oil to the start clutch when the start clutch is put 

30 in one of a completely engaged state and a disen- 
gaged state. 

4. The lubrication control apparatus as claimed in 
claim 3, wherein the supply quantity controlling 

35 means comprises a supply quantity control valve for 
controlling the supply quantity of the lubricating oil 
to the start clutch and operating condition control- 
ling means for varying an operating condition of the 
supply quantity control valve according to the slip- 

40 ping connect state of the start clutch. 

5. The lubrication control apparatus as claimed in 
claim 4, wherein the operating condition controlling 
means comprises a solenoid valve for controlling 

45 the supply quantity control valve and duty ratio var- 
ying means for varying a duty ratio applied to the 
solenoid valve. 

6. The lubrication control apparatus as claimed in 
50 claim 4, wherein the operating condition controlling 

means determines that the start clutch is put in a 
disengaged state from a de-energized state of the 
start clutch, determines that the start clutch is put 
in one of a slipping connect state and a complete 
55 engaged state from a relative rotation between in- 
put and output members of the start clutch, and var- 
ies the supply quantity of the lubrication oil supplied 
to the start clutch on the basis of a clutch heated 
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condition obtained from a transmission torque of the 
start clutch and the relative rotation when the start 
clutch is put in the slipping connect state. 

7. The lubrication control apparatus as claimed in 
claim 6, wherein the transmission torque is obtained 
from a current quantity applied to the start clutch. 

8. The lubrication control apparatus as claimed in 
claim 6, further comprising period setting mean for 
estimating an accumulated heat quantity of the start 
clutch on the basis of the transmission torque and 
the relative rotation, the period setting means var- 
ying a supply continuing period according to the es- 
timated accumulated heat quantity, wherein a pre- 
determined supply quantity of the lubricating oil, 
which supply quantity is greater than a minimum 
supply quantity determined on the basis of the es- 
timated accumulated heat quantity, is supplied to 
the start clutch for the supply continuing period 
when the operating condition of the start clutch is 
changed from the slipping connect state to the com- 
plete engaged state. 

9. The lubrication control apparatus as claimed in 
claim 3, wherein the supply quantity controlling 
means supplies excessive oil generated during the 
control of the lubrication oil to an oil cooler. 

10. A lubrication control apparatus for an electromag- 
netic start clutch disposed between an engine and 
an automatic transmission, the lubrication control 
apparatus comprising: 

a start clutch operating condition detector ob- 
taining information indicative of an operating 
condition of the start clutch; 
an oil-quantity varying valve-unit varying a sup- 
ply quantity of lubricating oil supplied to the 
start clutch; and 

a controller coupled to the start clutch operating 
condition detector and the lubricating oil quan- 
tity varying valve unit, the controller being ar- 
ranged, 

to determine the operation condition of the start 
clutch on the basis of the information obtained 
by the start clutch operating condition detector, 
to determine a supply quantity of the lubricating 
oil supplied to the start clutch according to the 
operating condition of the start clutch, and 
to output a control signal to the oil-quantity var- 
ying valve-unit to control the supply quantity to 
the start clutch at the determined supply quan- 
tity. 

11. The lubrication control apparatus as claimed in 
claim 10, wherein the start clutch operating condi- 
tion detector comprises an engine rotational speed 



sensor for detecting a rotational speed of the engine 
as an input rotational speed of the start clutch and 
a primary pulley rotational speed sensor for detect- 
ing a rotational speed of a primary pulley of the au- 
5 tomatic transmission as an output rotational speed 
of the start clutch. 

12. The lubrication control apparatus as claimed in 
claim 10, wherein the start clutch operating condi- 

10 tion detector comprises a detector for detecting a 
current quantity applied to an electromagnet of the 
start clutch. 

13. The lubrication control apparatus as claimed in 
15 claim 1 , wherein the oil-quantity varying valve-unit 

comprises a lubrication control valve for controlling 
the supply quantity of the lubricating oil and a sole- 
noid valve for controlling the lubrication control 
valve. 

20 

14. The lubrication control apparatus as claimed in 
claim 13, wherein the controller is further arranged 
to estimate an accumulated heat quantity of the 
start clutch on the basis of a transmission torque of 

25 the start clutch and a relative rotation between input 
and output member of the start clutch, to vary a sup- 
ply continuing period according to the estimated ac- 
cumulated heat quantity, and to control the solenoid 
valve so that a predetermined supply quantity of the 

30 lubricating oil, which supply quantity is greaterthan 
a minimum supply quantity determined on the basis 
of the estimated accumulated heat quantity, is sup- 
plied to the start clutch for the supply continuing pe- 
riod when the operating condition of the start clutch 

35 is changed from the slipping connect state to the 
complete engaged state. 

15. A method for controlling a lubricating oil quantity 
supplied to a start clutch of an electromagnetic type, 

40 the start clutch being disposed between an engine 
and an automatic transmission, the method com- 
prising the steps of: 

obtaining information indicative of an operating 
45 condition of the start clutch; 

determining an operation condition of the start 

clutch on the basis of the information indicative 

of the operating condition of the start clutch; 

determining a supply quantity of the lubricating 
so oil supplied to the start clutch according to the 

operating condition of the electromagnetic 

clutch, and 

controlling the lubricating oil quantity supplied 
to the start clutch at the determined supply 
55 quantity. 
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